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Abstract

To investigate the pharmacokinetics of unbound ranitidine in rat blood and bile, multiple microdialysis probes coupled to a liquid chro-
matographic system were developed. This study design was parallel in the following groups: the control-group of six rats received ranitidine
alone (10 and 30 mg/kg, i.v.), the treated-group rats were co-administered with ranitidine and cyclogpghymerotein P-gp) inhibitor)
or quinidine (both organic cation transport (OCT) a@ndp inhibitors) in six individual rats. Microdialysis probes were inserted into the
jugular vein and the bile duct for blood and bile fluids sampling, respectively. Ranitidine in the dialysate was separated by a reversed-
phase Gg column (Zorbax, 150 mnx 4.6 mm i.d.; 5um) maintained at ambient temperature. Samples were eluted with a mobile phase
containing acetonitrile—methanol-tetrahydrofuran—20 mpRO, (pH 7.0) (24:20:10:946, v/v), and the flow rate of the mobile phase was
1 ml/min. The optimal UV detection for ranitidine was set at wavelength 315nm. Between 20 and 30 min after drug administration (10
or 30 mg/kg), the ranitidine reached the maximum concentration in the bile. The bile-to-blood distribution ratig/AUC004) Was
9.8+ 1.9 and 13.%+ 3.8 at the dosages of 10 and 30 mg/kg, respectively. These studies indicate that ranitidine undergoes hepatobiliary
excretion which against concentration gradient from bile-to-blood. In addition, the AUC of ranitidine in bile decreased in the treatment of cy-
closporine or quinidine, which suggests that the hepatobiliary excretion of ranitidine was partially requRdgigtyprotein or organic cation
transporter.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tandem mass spectromefd5]. Sample preparation of ran-
itidine from human plasma has been accomplished by depro-
Ranitidine{N-(3-[{[5-(dimethylamine)methyl-2-furanyl]  teination using perchloric aci{@] and solid-phase extraction
methyl} thioJethyl) - N9 - methyl -2-nitro-1,1-ethenediamine  [5,6]. On the whole, these methods are time-consuming, and
hydrochloridg is the H-receptor antagonist used for peptic  require tedious procedures for the preparation of biological
ulcer [1]. Analysis of ranitidine from biological samples is samples. However, only protein-unbound drugs are available
commonly performed using high-performance liquid chro- for drug distribution to the target site and for therapeutic
matography (HPLC) coupled to UV detectid,3] and application. To date, measurement of protein-unbound
ranitidine in the blood and bile has not been described.
mpondmg author. Tel.: +886 2 2820 1999x8091: Micrpdialysis techniqug provjdes an in' vivo method' to
fax: +886 2 2826 4276. monitor unbound drug in various biological fluids, which
E-mail addressthtsai@ym.edu.tw (T.-H. Tsai). excludes large molecule out of the dialysis membiaipe
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Since ranitidine interacts with tHe-glycoprotein P-gp), the dialysate was separated using an Agilent, extended
clarification of the transport mechanism may provide im- reversed-phase 1@ column (Zorbax, 150 mmx 4.6 mm
portant information for studying the pharmacokinetics of i.d.; 5um; USA) maintained at ambient temperature.
ranitidine. It is also to be noted that not &liglycoprotein Samples were eluted with a mobile phase contain-
substrates are subject to significant biliary excretion. Thus, ing acetonitrile—methanol-tetrahydrofuran—20 miyHP Oy
to obtain more detailed information about the disposition of (pH 7.0) (24:20:10:946, v/v), and the flow rate of the mobile
ranitidine in vivo, this study investigates the pharmacokinet- phase was 1 ml/min. The mobile phase was filtered through
ics of unbound ranitidine in rat blood and bile using a mi- a Millipore 0.45qu.m filter and degassed prior to use. The op-
crodialysis sampling technique coupled with HPLC. In ad- timal UV detection for ranitidine was set at a wavelength of
dition, further exploration of the mechanism concerning the 315 nm. Output data from the detector were integrated via an
hepatobiliary excretion of ranitidine is also observed by com- EZChrom chromatographic data system (Scientific Software,
paring the pharmacokinetics of ranitidine present both with San Ramon, CA, USA).
and without cyclosporine,B-gp inhibitor, and quinidine, an

OCT inhibitor, subsequently. 2 4. Method validation

For assessment of intra- and inter-assay variabilities, ran-
itidine was assayed (six replicates) at concentrations of 0.1,
0.5,1,5, 10, 50, 100, and 5p@/ml on the same day and on
six sequential days, respectively. The accuracy (%Bias) was
calculated from the nominal concentratid@ngm) and the
mean value of observed concentrati@gds) as follows: Bias
(%) = [(Cobs — Chom)/(Chom)]-100. The precision relative
standard deviation (R.S.D.) was calculated from the observed
concentrations as follows: %R.S.D. = [standard deviation
(S.D.)Copg-100. Accuracy (%Bias) and precision (%R.S.D.)
values of limit of the quantification was pre-defined as within
+ 15%.

2. Experimental
2.1. Chemicals and reagents

Ranitidine was purchased from Aldrich (Milwaukee, WI,
USA). Cyclosporine (Sandimmun) and quinidine were ob-
tained from Novartis Pharma (Basle, Switzerland) and Sigma
(St. Louis, MO, USA), respectively. Triply deionized water
from Millipore (Bedford, MA, USA) was used for all prepa-
rations.

2.2. Animal experimentation

All experimental protocols involving animals were re- 2.5. Microdialysis experiment
viewed and approved by the institutional animal experimenta-
tion committee of the National Research Institute of Chinese  Blood and bile microdialysis systems consisted of a
Medicine. Male specific pathogen-free Sprague—Dawley rats CMA/100 microinjection pump (CMA, Stockholm, Sweden)
weighing 250-300 g were obtained from the Laboratory An- and microdialysis probes. The dialysis probes for blood (1 cm
imal Center of the National Yang-Ming University, Taipei, inlength)[8] were made of silica capillary in a concentric de-
Taiwan. Following arrival, the animals were kept in our an- sign with the tips covered by dialysis membrane (Spectrum,
imal facilities for acclimatization for about 7 days, during 150um outer diameter with a cut-off at nominal molecular
which they had free access to food (Laboratory Rodent Diet mass of 13 000, Laguna Hills, CA, USA). The blood micro-
5P14, PMI Feeds, Richmond, IN, USA) and water until 18 h dialysis probe was positioned within the jugular vein/right
prior to being used in experiments, at which time only food atrium (toward the heart) and then perfused with antico-
was removed. The rats were initially anesthetized with ure- agulant citrate dextrose, ACD solution (citric acid 3.5 mM;
thane 1 g/ml andx-chloralose 0.1 g/ml (1 ml/kg, i.p.), and sodium citrate 7.5 mM; dextrose 13.6 mM) at a flow-rate of
remained anesthetized throughout the experimental period.2.6ul/min.
The femoral vein was exposed for drug administration. The  The bile duct microdialysis probe was made in our lab-
rat’s body temperature was maintained at@%vith a heating oratory[9,10]. A 7 cm dialysis membrane was inserted into

pad during the experiment. a polyethylene tubing (PE-60; 0.76 mm i.d., 1.22mm o.d.;
Clay-Adams, NJ, USA). The ends of the dialysis mem-
2.3. Liquid chromatography brane and PE-60 were inserted into a silica tubingp@D

i.d., 140pm o.d.; SGE, Australia) and PE-10 (0.28 mm i.d.,

Liquid chromatographic grade solvents and reagents 0.61 mm o.d.), respectively. Both the ends of tubing and the
were obtained from E. Merck (Darmstadt, Germany). unionwere cemented with epoxy and allowed to dry for a pe-
The HPLC system consisted of a chromatographic pump riod of 24 h. Following bile duct cannulation, the probe was
(BAS PM-80, West Lafayette, IN, USA), an off-line frac- perfused with Ringer’s solution at a flow rate of Z&min.
tion collector (CMA 140, Stockholm, Sweden) equipped Bile dialysateswere then analyzed by the HPLC system. Both
with a 20wl sample loop, and an ultraviolet detec- bloodand bile microdialysis sampling were carried out onthe
tor (Varian, Walnut Creek, CA, USA). Ranitidine in same animals. All animals were used only once.
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The in vivo probe recovery was determined by estimating (A) (B) ©)
the loss (the extraction ratio) of the ranitidine, which was cal-
culated from the concentration in the dialysatg ) relative 0.004 0.004 0.004 1
to the concentration of the ranitidine in the perfus&g)
Recovery Ryia)) was expressed using the following equation:
Rdial =1_ (Cout/Cin) [7] 0.003 0.003 0.003

2.6. Pharmacokinetic analysis 0.002 1 0.002 0.002

Absorbance

The concentrations of ranitidine in rat dialysates were
determined from the calibration curves. The midpoint of
the 10 min periods was used as the sampling time for the
construction of blood and bile ranitidine microdialysate 0.00
concentration—time profiles. After a 2-h post-surgical stabi-
lization period, ranitidine (10 or 30 mg/kg, i.v.) was adminis-
tered to the control groum( 6). For cyclosporine or quini-
dme_tr_eatment'_ 10mg/kg of cyclosp_orme O,r qU|_n|d|ne W?'S Fig. 1. Typical chromatograms of: (A) standard ranitidine ¢igdml); (B)
administered via the left femoral vein 10 min prior to rani-  pjank biood dialysate from the microdialysis probe before drug adminis-
tidine injection. The volume of each injection was 1 ml/kg. tration; and (C) blood dialysate sample containing ranitidine ;2/nl)
Blood and bile dialysates were assayed by liquid chromatog- collected 10-20 min after ranitidine administration (10 mg/kg, i.v.). 1: rani-
raphy on the same experimental day. Ranitidine concentra-tidine-
tions in blood and bile were corrected by the estimated in
vivo recoveries from the respective microdialysis probes.

Microdialysate concentrationsC,) of ranitidine were
converted to unbound concentratio,) as follows:C, =
Cm/R4ial- Pharmacokinetic calculations were performed on
each individual set of data using the pharmacokinetic calcula-
tion software WinNonlin Standard Edition Version 1.1 (Phar-

0.00H 0.00% 0.00%

0.0001- L‘~—-——~— 0.000- “\.m.._l ]

10 10 10
Time {min)

not separated well from biological dialysate, because of the
higher hydrophilicity was not capable to improve its separa-
tion in the matrix Figs. 1 and 2 Tetrahydrofuran and ace-
tonitrile show strong extraction ratio into the stationary phase
in comparison with methanglL1]. In this study, methanol
and tetrahydrofuran are used concurrently with acetonitrile

) L and so ranitidine was adequately separated with the high-
sight, Mountain View, CA, USA) by the noncompartmental est peak symmetries, particularly at an optimal mobile phase

method. The area under the concentration-time curve (AUC) ¢ acetonitrile-methanol—tetrahydrofuran—20 mMHEO,
and the area under the first moment curve (AUMC) were cal- (pH 7.0) (24:20:10:946, V/v).

culated according to the log linear trapezoidal method. The
clearance (Cl) and mean residence time (MRT) were calcu-
lated as follows: Cl = dose/AUC; MRT = AUMC/AUC.

Fig. 1A shows a standard injection of ranitidine
(2.0pg/ml), andFig. 1B the chromatogram of a blank blood
dialysate.Fig. 1C shows the chromatogram of a blood

2.7. Statistics

(A) (B) (©)
1
The results are represented as mgastandard error of 0.10 0.10 0.10
the mean. Statistical analyses were performed with SPSS ver- 1
sion 10.0 (SPSS, Chicago, IL, USA). One-way ANOVA was 0.08 0.08 0.08
) R o : :
followed by a Dunnett's post-hoc test comparison between ¢
the control (ranitidine treated alone), cyclosporine, and quini-  §
. .. . 0.06 0.06 0.06
dine treated groups. All statistical tests were performed atthe §
two-tailed 5% level of significance. 2
0.04 0.04 0.04
3. Results and discussion 0.02 0.02 0 UZJMM
The present validated liquid chromatographic method was 0.00{—— L 0.00 Ly 0.00 -
coupled to the microdialysis technique and employed to de- 10 10 10
termine ranitidine disposition from rat jugular vein blood Time (min)

and bile following drug administration. The method demon- _ o
strated excellent chromatographic selectivity with no endoge- F9- 2- Typical chromatograms of: (A) a standard ranitidine (§emi);

. .y . . (B) a blank bile dialysate from the flow-through microdialysis probe before
nous interferences at the peak for ranitidine. Retention time drug administration; and (C) a bile dialysate sample containing ranitidine
of ranitidine was about 6.5 min. The mobile phase contains (43.9,.g/ml) collected 20-30 min after ranitidine administration (10 mg/kg,
5% acetonitrile and 95% phosphate buffer, ranitidine was i.v.). 1. ranitidine.
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Table 1

Intra- and inter-assay precision (R.S.D.) and accuracy (Bias) of the HPLC method for the determination of ranitidine

Nominal concentrationug/ml) Observed concentratiopg/ml) R.S.D. (%) Bias (%)

Inter-assay
0.1 0.11+0.01 a1 100
0.5 0.48+0.01 21 —-4.0
1.0 1.01+£0.01 10 10
5.0 4.93+0.15 30 —-1.4
10 10.1+0.28 28 10
50 49.94+0.03 Q1 —0.02
100 101£1.72 17 10
500 499+ 0.21 Q04 -0.2

Intra-assay
0.1 0.11+0.01 83 100
0.5 0.47+0.02 43 —6.0
1.0 1.04+0.06 58 4.0
5.0 5.08+0.15 30 16
10 9.98+0.18 18 -0.2
50 49.8+0.54 11 -0.4
100 101+ 2.36 23 10
500 499+ 0.28 Q06 -0.2

Data expressed as meahsS.D. (1 = 6).

dialysate sample containing ranitidine (2.§/ml) collected signal-to-noise ratio of 3:1. The intra- and inter-assay preci-
10 min after ranitidine administration (10 mg/kg). sion and accuracy of ranitidine were well within the prede-

Fig. 2 illustrates representative chromatograms of rani- fined limits of acceptability (15%)Table J). The lower limit
tidine in the dialysate of rat bileéFig. 2A shows the chro-  of quantification (LOQ) was 0.Lg/ml which was the lowest
matogram of a standard ranitidine (&§/ml), andFig. 2B concentration of analyte. The average microdialysate recov-
shows the chromatogram of a blank bile dialysate. None of eries of ranitidine for blood (0.5, 1, andu®/ml) and bile (10
the observed peaks interfered with the anallyig. 2C shows and 50ug/ml) were 25.8+ 1.3% and 69.6t 4.0%, respec-
the chromatogram of bile dialysate sample containing rani- tively. This method is sufficiently sensitive to allow measure-
tidine (43.9wg/ml) collected 20—-30 min after ranitidine ad- ment of ranitidine in rat blood and bile for pharmacokinetic
ministration (10 mg/kg). study. Microdialysis membrane excludes large molecules

Under the experimental conditions describe above, theand thus simplifying sample cleaning up procedures
limit of detection (LOD) was approximately 0.¢&/ml, at a

100 —e— Ranitidine 10 mg/kg

- —e— Ranitidine 10 mg/kg 1000 5 —O— Ranitidine 30 mg/kg
] —O— Ranitidine 30 mg/kg 3 —v— Ranitidine 10 mg/kg
T —vw— Ranitidine 10 mg/kg . + Cyc_lo_sporlne 10 mg/kg
- . + Cyclosporine 10 mg/kg 7 —v— Ranitidine 10 mg/k/g
E —v— Ranitidine 10 mg/kg 100 + Quinidine 10 mg/kg
2 1073 + Quinidine 10 mg/kg E 3
°© ] 2 ]
£ ] 2 ]
2 ©
= . £
% b g 10 _E
m 'g =
8 13 o ]
ke] 3 o ]
o ] 2
- 1 —
o1 | T | 04 |
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Fig. 3. Concentration—-time profiles for ranitidine in blood after ranitidine

i.v. administration at dosage of 10 or 30 mg/kg and co-administered with Fig. 4. Concentration—time profiles for ranitidine in bile after ranitidine i.v.
cyclosporine (10 mg/kg) and quinidine (10 mg/kg). Each group of data is administration at dosage of 10 or 30 mg/kg and co-administered with cy-
represented as meansS.E.M. from six individual microdialysis experi- closporine (10 mg/kg) and quinidine (10 mg/kg). Each group of data is rep-
ments. resented as meadsS.E.M. from six individual microdialysis experiments.
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Table 2
Pharmacokinetic data of ranitidine (10 or 30 mg/kg) in rat blood and bile, both with and without treated with cyclosporine (10 mg/kg) or quinidifiegf10 m
Drug treatment Ranitidine (10 mg/kg) Ranitidine (30 mg/kg)
Alone With cyclosporine With quinidine
Blood
AUC (min pg/ml) 298+ 57 780+ 380 390+ 64 2140+ 917
MRT (min) 8+t1 13+5 9+1 12+4
CI (ml/kg/min) 41+8 29+9 30+5 27+87
Bile
AUC (min pg/ml) 24604+ 208 3214 142 655+ 118 12700+ 544
Cmax (ng/mi) 76.2+5.7 6.240.82 8.8+1.9 335+18.2
Trax (Min) 20+0 20+0 23.3t2.1 20+0
MRT (min) 55+2 84+ 62 107+ 92 64+2
AUCjle/ AUChiood 9.8+1.9 0.9+0.3 1.8+0.53 13.9+3.8

Data are expressed as megais.E.M. f = 6).
2 P < 0.05 significantly different from the ranitidine alone (10 mg/kg) group.

for continuous analysis of unbound drugs in various sites data provide further information that ranitidine goes through
of tissues and orgarjg]. The dialysates were not needed for hepatobiliary excretion with active transport.
further preparation. P-glycoprotein is highly expressed on the bile canalicular

Mean ranitidine concentrations in blood and bile versus membrane of hepatocyt§s9]. Many drugs can be excreted
time curves at the dosages of 10 and 30 mg/kg are presentedby P-glycoprotein for the hepatobiliary excretion. The ex-
in Figs. 3 and 4respectively. These pharmacokinetic pro- truded compounds would ultimately leave the body via the
files suggest that the pharmacokinetics of ranitidine in rat feces, which resulted in total clearing and detoxifying from
blood and bile exhibited dose-related in the dosage rangesthe body. Using Caco-2 monolayer method, ranitidine se-
of 10-30 mg/kg. The concentration of ranitidine in the bile cretion was significantly reduced by tReglycoprotein sub-
was rapidly increased and arrived at a peak concentration instrates of verapamil and cyclospof#0]. The research indi-
20-30min and then follows by a slow declining phase. Af- cated that the secretory transport of ranitidine across Caco-2
ter drug administration, the concentrations of ranitidine in cell monolayer is mediated Hy-glycoprotein in the apical
bile were significantly higher than those in blood, suggesting membrang21]. P-glycoprotein accelerates hepatobiliary ex-
active excretion of ranitidine from bile-to-blooddble 2. cretion and plays an important role in drug dispositib2].

The hepatobiliary excretion of ranitidine was defined as the Our data indicate that the bile-to-blood distribution ratios
bile-to-blood distribution K value), which was calculated for ranitidine alone, the cyclosporine and quinidine treated
by dividing the ranitidine AUC in bile by that in bloodk ( group were 9.8t 1.9 minpg/ml, 0.94 0.3 minpg/ml, and

= AUCie/AUChi00d) [12]. The bile-to-blood distributions 1.8 £ 0.5 minpg/ml, respectively. This result reveals that
were 9.8+ 1.9 and 13.9t+ 3.8 after ranitidine injection at  the hepatobiliary excretion of ranitidine was regulatedby
doses of 10 and 30 mg/kg, respectively. glycoprotein.

Cyclosporine (10 mg/kg, i.v.) or quinidine (10 mg/kg, i.v.) In conclusion, we have developed a specific, sensitive, en-
co-administration does not alter the blood profile of raniti- dogenous interference-free microdialysis sampling method
dine concentrationg~{g. 3) at dosage of 10 mg/kg. However, for the determination of protein-unbound ranitidine in rat
both cyclosporine and quinidine dramatically decreased theblood and bile. In this paper, we have shown the pharma-
biliary level of ranitidine at dosage of 10 mg/kei¢. 4). The cokinetic mechanism of unbound ranitidine in blood and bile
bile AUC of ranitidine alone (10 mg/kg), the cyclosporine after intravenous administration to rats.
and quinidine treated group were 2460208 minpg/ml,
3214+ 14 minpg/ml, and 655+ 118 minpg/ml, respectively
(Table 2. These results suggest that the efflux transport sys-Acknowledgement
tem of ranitidine was inhibited by cyclosporine and quinidine.
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